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EIiECTRODE FOR p-TYPE GROUP III NITRIDE COMPOUND SEMICONDUCTOR 
i^ND MEHOD FOR PRODUCING THE SAME 

The present application is based on Japanese Patent 
Application No. 2002-318469^ which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 
1 ■ Field of the Invention 

The present invention relates to an electrode low in 
contact resistance to a p-type Group III nitride compound 
semiconductor- It also relates to a method for producing an 
electrode with reduced contact resistance. Incidentally^ the 
concept /'''Group III nitride compound semiconductor'*' includes 
semiconductors represented by the general formula: AlxGaylni-jt^yN 
(0<x^l^ 0<y<l^ 0<x+y^l) which includes binary compounds such 
as AlN, GaN and InN/ ternary compounds such as Al^Gai-xN^ AlxIm-xN 
and Ga^Ini-xN (0<x<l each), and quaternary compounds such as 
AlxGayIni-x-s*J {0<x<l, 0<y<l, 0<x+y<l) , 
2. Description of the Related Art 

When, for example^. Group III nitride compound 
semiconductors are applied to light-emitting devices, the Group 
III nitride compound semiconductors are direct transition type 
semiconductors having a wide emission spectrum range of from 
ultraviolet to red. The Group III nitride compound 
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semiconductors are applied to light-emitting diodes (LEDs) t 
laser diodes (LDs) and so on. Because each Group III nitride 
compound semiconductor has a wide band gap, there is expectation 
that devices using Group III nitride compound semiconductors 
5 will operate more stably at a high temperature than devices 
using other semiconductors- For this reason^ application of 
Group III nitride compound semiconductors to transistors such 
as FETs has been developed actively. In addition, because each 
Group III nitride compound semiconductor contains no arsenic 

10 (As) as a main component, there is expectation that Group III 
nitride compound semiconductors will be developed to various 
semiconductor devices for general purposes from an 
environmental aspect • 

In a compound semiconductor, it is usually impossible 

15 to obtain an ohmic contact when metal is formed simply on a 
surface of the semiconductor. Therefore, after a metal film 
is formed on the congpound semiconductor, alloying is made by 
a heat treatment (sintering) to diffuse metal into the 
semiconductor to thereby obtain an ohmic contact • Particularly 

20 in a p--type Group III nitride compound semiconductor, even in 
the case where resistance is reduced by a heat treatment such 
as electron beam irradiation, the resistivity of the p-type 
Group III nitride compound semiconductor is still higher than 
the resistivity of an n-type Group III nitride compound 

25 semiconductor* Accordingly, for example, in a light-emitting 
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device/ there is little lateral spread of a current in the p-^type 
layer, so that light is emitted only just under the electrode. 
Therefore/ a current diffusing electrode formed in such a manner 
that films of nickel (Ni) and gold (Au) each having a thickness 
S of the order of tens of nm are laminated and heat-treated has 
been proposed as an electrode having both light-transmitting 
characteristic and ohmic characteristic (e.g./ see Patent 
Document 1) . Even in this case, when/ for example, the electrode 
for p-type gallium nitride (GaN) is composed of Mi and Au/ the 

10 contact resistivity pc of the electrode is high to be 7 x 10"^ 
/cm^ in the present circumstances- 

Incidentally, as described above, in the compound 
semiconductor, it is impossible to obtain an ohmic junction 
when metal is formed simply on the semiconductor surface, so 

15 that simple deposition of metal generally brings Schottky 
characteristic. It is conceived that this is because a Schottky 
barrier Ob (Ob = (X + Eg) - to movement of a carrier is 

formed in a boxxndary between the compound semiconductor and 
the metal as shown in Fig. 1 (e,g., see Non-Patent Dociaiaent 

20 1). 

On the other hand, oxide and other deposits are present 
on a surface of the compound semiconductor, so that these 
deposits cause increase in contact resistance between the 
compound semiconductor and the metal. To solve this problem, 
25 for example, a chemical treatment and a sputtering treatment 
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using an inert gas have been proposed (e,g, ^ see Patent Document 
2) . 

[Patent Document 1] 

Unexamined Japanese Patent Publication No . Hei-6-314822 
5 . [Patent Document 2] 

Unexamined Japanese Patent Publication No. Hei-8-264478 
[Non-Patent Doc\iment 1] 

Tetsuji Imai et al-, '^'Compound Semiconductor Devices 
[II] Kogyo Chosakai Publishing Co.> Ltd,, pp. 73-76 
10 It is said that reduction in the Schottky barrier *b or 

the width of a depletion layer formed in the boundary between 
the p-type semiconductor and the metal is indispensable for 
reduction in contact resistance between the compound 
semiconductor and the metal and further leads to greater 
15 reduction in contact resistivity at the time of formation of 
an ohmic junction based on a heat treatment after that. In 
the present circumstances, essential issues such as the 
substance of the compound semiconductor /metal boundary , the 
relation with the metal boundary structure, and so on, are not 
20 yet exactly known. It is an urgent necessity to settle the 
essential issues* 

SUMMT^Y OF THE INVENTION 
The present inventors have made eager investigation into 
25 the essential issues such as the substance of the compound 
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semiconductor, (especially^ Group III nitride compound 
semiconductor) /metal boundary and the relation with the metal 
boundary structure and have made an examination of orientation 
of a metal film formed on the semiconductor^ height of a Schottky 
5 barrier and electric characteristic between the compound 
semiconductor and the metal while paying attention to the 
orientation of the metal film. As a result, the invention is 
accomplished. That is, the invention is developed to solve 
the problem and an object of the invention is to provide an 

10 electrode low in contact resistance to p-type Group III nitride 
compound semiconductor. Another object of the invention is 
to provide a method for producing an electrode having reduced 
contact resistance . 

To solve the problem, the invention provides an electrode 

15 for p-type Group III nitride compound semiconductor, including 
a film at least containing polycrystalline metal , Preferably, 
the polycrystal line metal has such a fiber structure that crystal 
planes of crystal grains are oriented. This is because, when 
the polycrystalline metal has a fiber structure, crystal grain 

20 boundary density decreases so that the quantity of defects in 
the metal/semiconductor boundary decreases. Preferably, the 
polycrystalline metal has large crystal grains. As a method 
to achieve these matters, according to the invention, there 
is provided a method of producing an electrode for p-type Group 

25 III nitride compound semiconductor, including the step of 
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forming a film at least containing polycrystalline metal on 
a p-type Group III nitride compound semiconductor in the 
condition that a semiconductor device having the p-type Group 
III nitride compound semiconductor is heated. According to 
5 this method, the metal filmforroedon the p-type Group III nitride 
compound semiconductor can contain the crystal having such a 
fiber structure that crystal planes of crystal grains are 
oriented. As the percentage occupied by such a crystal with 
a fiber structure increases, the orientation force of the metal 

10 film increases. The polycrystal in the metal film has such 
a fiber structure that crystal faces with closed packed planes 
are oriented- As a result^ the height of the Schottky barrier 
between the compound semiconductor (especially/ Group III 
nitride compound semiconductor) and the. metal can be reduced 

15 by the strong orientation force of the metal, so that the value 
of contact resistance in the boundary between the p-type Group 
III nitride compound semiconductor and the metal can be reduced 
greatly - 



20 BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 

Fig- 1 shows a current transporting mechanism in a 
metal /semiconductor boundary; 

Fig* 2 shows a Marlow-Das type photolithography pattern 
25 for evaluation; 
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Fig. 3 is an I-V characteristic graph in the case of Pt; 
Fig* 4 is an I-V characteristic graph in the case of Ni; 

and 

Fig- 5 is a graph showing the relation between (111) peak 
5 intensity and value of contact resistance Ro of each metal film. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The invention will be described below on the basis of 
a specific embodiment thereof. A Marlow-Das type pattern 
10 (shaped like a circular ring with a center point) of SIO2 using 
photolithography was used as a metal electrode- forming pattern 
(Fig. 2) - Here, the width d of the circular ring (SiOa-f csrming 
portion) was set at 4, 8, 16 or 24 |jm- Gallium nitride (GaN) 
was used as a Group III nitride compound semiconductor, A 4 
15 nm-thick layer of GaN was formed on a sapphire substrate using 
a face A as a principal surface with interposition of a 
low-temperature deposited buffer layer of aluminum nitride 
(AlN) by ametal organic chemical- vapor depositionmethod (MOCVD 
method) . A 0 . 5 ^m- thick layer of GaN doped with magnesium (Mg) 
2 0 to be formed as a p-type semiconductor was further formed on 
the GaN layer. The hole density of the p-'type GaN layer was 
5 X 10^^ cm'^- Incidentally, the laminate composed of the 
sapphire substrate, AlN, GaN and p-type GaN is hereinafter 
referred to as '"GaN''' substrate. Evaluation was carried out 
2S by measurement of contact resistance Ro according to a current 
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(I) -voltage <V) method and structural analysis of the metal 
film according to XRD, 

The GaKT substrate having a p-type GaN surface cleaned 
with hydrochloric acid was placed in a chamber of an evaporation 
5 system. Then, on the GaN substrate heated to a temperature 
of 300**C, a SO nm-thick metal layer was vapor-deposited by an 
electron beam vapor deposition method. The deposited metals 
were two kinds of metals, namely, platinum (Pt) andnickel (Ni) . 
Incidentally/ a sample formed with the same film thickness 
10 without heating the GaN substrate, that is, at room temperature 
(Comparative Example 1) and a sample heat-treated in a nitrogen 
{N2> atmosphere at BOO^'C for 30 minutes after that (Comparative 
Example 2) were prepared as Comparative Examples. 

Tables 1 and 2 show results of the XRD measurement • Table 
IS 1 shows the case of Pt . Table 2 shows the case of Ni . Although 
spectra are not shown, no peak except (111) and (222) was observed 
in each of the cases of Pt and Ni* As is obvious from Tables 
1 and 2, a large difference between this embodiment and 
Comparative Examples 1 and 2 appears in the intensity of (111) 
20 and the half -value width thereof » When, for example, Pt was 
vapor-deposited on the GaN sxibstrate heated to a temperature 
of 300*C, the peak intensity of (111) and the half-value width 
thereof in this eiabodiment were 98534 and 0.4"* respectively 
whereas the peak intensity of (111) and the half -value width 
25 thereof in Comparative Example 1 (room temperature formation) 
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were 3666 and 2*5" respectively and the peak intensity of (111) 
and the half-lvalue width thereof in Comparative Example 2 (room 
temperature formation 300*'C heat treatment) were 32061 and 
2-2* respectively* Even when a heat treatment at 300**C was 
5 carried out in the same manner^ a large difference appeared 
between the case where the heat treatment was carried during 
formation and the case where the heat treatment was carried 
after formation. The same result as in the case of Pt was 
obtained in the case of Ni. It is obvious that the (111) 
10 orientation of crystal is intensified, that is, the percentage 
occupied by the crystal having such a fiber structure that 
crystal planes of crystal grains are oriented increases when 
the substrate is heated during formation, incidentally, it 
is conceived that the (111) orientation is intensified in both 
15 Pt and Ni because both Pt and Ni have a face-centered cubic 
structure (fee) . Incidentally, in the case of a body-centered 
cubic structure (bcc) , it is guessed that the (100) orientation 



is intensified. 



[TABLE 1] 





Pt (111) 
intensity 


Pt (111) 

half-value 

width 


This invention (substrate 
heating and vapor deposition) 


98534 


0.4** 


Comparative Example 1 (room 
temperature vapor deposition) 


3666 


2.5^ 


Comparative Example 2 (room 
temperature vapor deposition 
— heating) 


32061 


2.2^ 



9 



03-10-28; 4!48PM;NGB PATENT DEPT 



;81 35561 3956 



# A- 12 



[TABLE 2] 





Nl (111) 
intensity 


Ni (111) 

half-value 

width 


This invention (substrate 
heating and vapor deposition) 


19998 


0-5^ 


Comparative Example 1 (room 
temperature vapor deposition) 


3135 




Comparative Example 2 (room 
temperature vapor deposition 
heating) 


5473 


1-1** 



Figs- 3 and 4 show results of the I-V characteristic. 
Fig. 3 shows the case of Pt. Fig* 4 shows the case of Ni , It 
5 is obvious from Figs. 3 and 4 that a large difference between 
this embodiment and Comparative Examples 1 and 2 appears in 
the value of contact resistance Ro calculated on the basis of 
the I-V characteristic- When^ for example^ E*t was 
vapor-deposited on the GaN substrate heated to a temperature 
10 of 300 "C/ the value of contact resistance Ro in this embodiment 
was 3.8 X 10^ O whereas the value of contact resistance Ro in 
Comparative Example 1 (room temperature formation) was 8,5 X 
lo"^ £1 and the value of contact resistance Ro in Comparative 
Example 2 (room temperature formation 300 ''C heat treatment) 

15 was 3.3X lO^n. When Ni was vapor-deposited on the GaN substrate 
heated to a temperature of 300 **c^ the value of contact resistance 

Ro in this embodiment was 2 . 6 X 10^ Q whereas the value of contact 
resistance Ro in Comparative Example 1 (room temperature 
formation) was X 10^ SI and the value of contact resistance 

10 
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Ro in Comparative Example 2 (room temperature formation 300®C 
heat treatment) was 1.9 X lO'' H. The result in the case of 
Ni was the same as that in the case of Pt, It is obvious that 
the value of contact resistance is reduced by two or three digits 
S to improve electric characteristic remarkably when the 
substrate is heated during formation. 

Fig. 5 shows the case where (111) pea)c intensity is taken 
as the horizontal axis and value of contact resistance Ro as 
the vertical axis on the basis of the aforementioned results. 

10 Incidentally r Fig. 5 shows the fact that the percentage occupied 
by the crystal having such a fiber structure that crystal planes 
of crystal grains are oriented (grains with (111) fiber 
structure) in the film increases as the (111) intensity on the 
horizontal axis increases* It is obvious from Fig. S that the 

15 percentage occupied by such a crystal with a fiber structure 
in the metal film is correlated with the value of contact 
resistance Ro- It is proved that electric characteristic varies 
according to the degree of orientation of the metal/ and that/ 
particularly in a metal having a fee structure^ the value of 

20 contact resistance in the metal/GaN boundary decreases rapidly 
as the (111) orientation force increases. 

Although GaN was used as the p-type Group III nitride 
compound semiconductor in this embodiment, similar results 
except variations in respective values were also obtained in 

25 the case where another p-type Group 111 nitride compound 
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semiconductQr such as AlGaN or GalnNwas used. Although either 
pt or Ni was used as the metal in this embodiment/ it is guessed 
that similar results can be obtained in the case where a 
transition metal such as palladium (Pd) ^ chromium (Cr) or iron 
5 (Fe) is used. In addition^ the degree of large grains in the 
invention is preferably selected to be not smaller than the 
film thiclcness. 

Although the substrate was heated to a temperature of 
300 **C during formation, the substrate temperature is preferably 

10 selected to be not lower than 200*^0 and not higher than lower 
one of the decomposition temperature of the semiconductor and 
the melting point of the metal. This is because a remarkable 
effect of the invention can be obtained when the sxibstrate 
temperature is in the aforementioned range. Although a vapor 

15 deposition method was used as the metal film-forming method^ 
there may be used another method such as a sputtering method, 
a laser annealing method as means for raising the temperature 
instantaneously to the melting point of the metal to be formed, 
or a plating method. 

20 The invention is not limited to the description of the 

embodiment at all. Various modifications that can be easily 
conceived by those skilled in the art may be included in the 
invention without departing from the scope of claim for a patent- 



